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Introduction

Most techniques described for carpometacarpal (CMC) 
thumb joint osteoarthritis strive to achieve pain reduction 
with preservation of as much range of motion (ROM) and 
strength as possible.1,2 To date, trapeziectomy combined 
with a tendonplasty is still widely used, despite a higher 
complication rate than simple trapeziectomy with compa-
rable clinical outcome.3-7 Many hand surgeons prefer to add 
a tendonplasty to a trapeziectomy to reduce the possibility 
of subsidence of the first metacarpal with abutment on the 
distal pole of the scaphoid, which may cause recurrent pain 
that is difficult to treat. Furthermore, subsidence is hypoth-
esized to lead to less stability and loss of strength.8

When osteoarthritis solely affects the first CMC joint, 
the scaphotrapeziotrapezoidal (STT) joint can be spared by 
performing hemitrapeziectomy instead of a total trapeziec-
tomy, thus contributing to the maintenance of thumb length 

and stability.9,10 A hemitrapeziectomy is also often com-
bined with an interposition, most usually with autologous 
tendon, with various outcomes in terms of strength and 
maintenance of thumb length.11

In 2005, the PyroDisk (Integra LifeSciences Corpora-
tion, Plainsboro, New Jersey) was introduced as an interpo-
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Abstract
Background: Pyrocarbon disk interposition for carpometacarpal (CMC) thumb joint osteoarthritis can be performed 
with a flexor carpi radialis (FCR) or abductor pollicis longus (APL) tendon strip. With the FCR technique, a ligament 
reconstruction is performed in addition to disk fixation, whereas with the APL technique the disk is simply secured in place. 
Our aim is to compare long-term postoperative outcomes between both techniques. Methods: In this observational study, 
we included 106 patients in 2 centers operated on between 2006 and 2011. We assigned patients to the FCR group or 
the APL group based on the respective tendon strip used. As a primary outcome, we analyzed postoperative key pinch. In 
addition, we analyzed postoperative tip pinch and tripod pinch, grip strength, range of motion, thumb height maintenance, 
and patient-reported outcome measures (PROMs). Results: The analysis showed clinically important stronger key pinch 
for the APL group (β = 1.28 kg). Tip pinch and grip strength showed higher outcome for the FCR group (β = 1.22 kg 
and 5.14 kg, respectively). Palmar abduction was in favor of the FCR group and opposition in favor of the APL group, but 
these were interpreted as not clinically relevant. Radiological thumb height maintenance and PROMs showed no clinical 
difference. Conclusions: Pyrocarbon disk interposition arthroplasty for CMC thumb joint osteoarthritis can be secured 
with an APL or FCR tendon strip. At long-term follow-up, use of an APL tendon strip results in significantly higher key 
pinch and better opposition. Tip pinch, grip strength, and palmar abduction were better after use of the FCR tendon strip. 
The choice of the tendon strip can be based on outcomes considered most important for the individual patient.
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sition arthroplasty after distal hemitrapeziectomy.12-14 The 
interposition of the disk and the hardness of the pyrolytic 
carbon contribute to preservation of thumb length. The disk 
is secured in the joint space with a tendon strip, which con-
tributes to alignment of the thumb with preservation of 
function and strength. Either a strip of flexor carpi radialis 
(FCR) tendon or abductor pollicis longus (APL) tendon can 
be used to secure the disk between the distal hemitrapezium 
and the first metacarpal. With the FCR, a ligament recon-
struction comparable to that of the Burton-Pellegrini con-
cept is performed in addition to fixation of the disk.15 With 
the APL, the disk is only fixed in its position without any 
ligament reconstruction or suspension of the thumb. Previ-
ous outcome studies after pyrocarbon disk interposition 
have shown good results in pain reduction and survival rate 
of the disk.16 A recent study, comparing the pyrocarbon disk 
interposition with trapeziectomy combined with ligament 
reconstruction, reported better key pinch after pyrocarbon 
disk interposition.14 The effect of the tendon used for fixa-
tion of the pyrocarbon disk on clinical outcomes has not 
been studied before.

To analyze the differences in the use of an FCR or APL 
tendon strip for pyrocarbon disk interposition, we conducted 
a comparative study. We analyzed key pinch as our primary 
outcome and tested whether the use of an FCR tendon strip 
results in higher key pinch than the use of the APL tendon 
strip. Secondarily, we analyzed differences in tip pinch and 
tripod pinch, power of grip, ROM, thumb height mainte-
nance, and patient-reported outcome measures (PROMs).

Patients and Methods

Study Design and Patients

This observational cohort study is reported following the 
Strengthening the Reporting of Observational Studies in 
Epidemiology statement.17 It describes retrospectively 
gathered data and is part of a multicenter study by van Laar-
hoven et al18 on outcomes after pyrocarbon disk interposi-
tion arthroplasty for the treatment of CMC thumb joint 
osteoarthritis. Previously, we focused on PROMs, compli-
cations, and survival rate of pyrocarbon disk interposition 
arthroplasty after medium-term to long-term term follow-
up.18 In this study, we focus on the differences between the 
2 securing techniques for pyrocarbon disk interposition 
arthroplasty. We obtained assessments of patients operated 
on between 2006 and 2011, after approval from the institu-
tional review board and written informed consent from all 
study participants. We assigned patients to the FCR group 
or the APL group based on the tendon strip used for secur-
ing the pyrocarbon disk. Surgeon preference determined 
which tendon strip was used. Inclusion criteria for this study 
were CMC thumb joint osteoarthritis stage 2 or 3 Eaton and 
Glickel19 and nonresponsiveness to nonoperative treatment 

for at least 3 months at initial presentation. Exclusion crite-
ria were techniques used other than the originally described 
pyrocarbon disk interposition with hemitrapeziectomy, 
hyperlaxity syndromes, systematic inflammatory arthritis 
(such as rheumatoid arthritis, gout, or psoriasis), and con-
comitant major surgery on the same hand. Due to scarcity of 
preoperative hand measurements, we used cross-sectional 
data gathered at 1 time point for both groups (during long-
term follow-up). We collected demographic data and peri-
operative complications by review of medical records.

Surgical Technique

Pyrocarbon disk interposition arthroplasty was performed 
as previously described.18 By a middorsal longitudinal inci-
sion along the first metacarpal and trapezium, the CMC 
thumb joint is approached. The base of the first metacarpal 
and the distal half of the trapezium are resected, transverse 
to the longitudinal axis of the first metacarpal and parallel 
to each other. Subsequently, bony tunnels are created in the 
hemitrapezium (from dorsal-proximal to central-distal) and 
the base of the first metacarpal (from central-proximal to 
dorsal-distal), equal for both techniques. After determining 
the proper implant diameter by the diameter of the first 
metacarpal base, either the FCR or the APL tendon strip is 
harvested to secure the disk in its position in the intertrape-
zial space (Figures 1 and 2).

FCR technique. The FCR tendon strip is harvested by 2 or 3 
incisions over the FCR tendon on the volar side of the forearm 
(Figure 1). The tendon strip (one-third to half of tendon width 
and 5-10 cm of tendon length) is cut proximally and released 
up to its insertion distally, leaving the insertion intact. Passing 
from volar to dorsal, deep to the first dorsal compartment ten-
dons, the tendon strip is passed through the tunnel in the hemi-
trapezium, the disk, and the tunnel in the proximal metacarpal. 
The tendon strip is tightened to secure the disk, and the resid-
ual tendon is then folded back and sutured to itself and to the 
periosteum of the metacarpal base, before being subsequently 
incorporated with the capsular closure using absorbable 
sutures for additional fixation of the disk. Because of its 
length, the FCR strip can be folded back and forth many times 
to reenforce the capsule if necessary. As the insertion of the 
FCR tendon strip is left intact on the volar second metacarpal 
base, a volar to dorsal ligament reconstruction and suspension 
of the first on the second metacarpal base is performed in 
addition to this fastening technique.

APL technique. The APL tendon strip is harvested under direct 
vision via the same incision as used for resection of the CMC 
thumb joint (Figure 2). A strip of APL tendon or one of the 
extra APL tendons is harvested at maximum length. After 
release of the first extensor compartment, the APL strip is cut 
proximally and released to its distal insertion, leaving the 
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insertion intact. The strip is passed through the tunnels in the 
hemitrapezium, the disk, and the first metacarpal base and 
sutured to itself and the periosteum of the first metacarpal 
base under gradual tension with absorbable sutures. Because 
the insertion of the APL is on the radial side of the metacarpal 
base, a dorsal ligament reconstruction is performed by secur-
ing the disk with the APL tendon strip.

For both procedures, the position of the disk is assessed 
with radiography during the procedure. A thumb spica cast 
is applied for 4 weeks of immobilization. Hand therapy is 
focused on unloaded ROM during the first 4 weeks after 
operation, followed by loaded ROM exercises thereafter. 
Immobilization and hand therapy protocol were similar for 
both groups.

Measurements

For the primary outcome, we measured key pinch strength 
using baseline pinch gauge (E-link H500 Hand Kit; Bio-
metrics Ltd, Gwent, UK). Secondarily, we analyzed tip 
pinch and tripod pinch by baseline pinch gauge and grip 
strength (Jamar) using a hydraulic hand dynamometer in 
position 2 (H500 Hand Kit; Biometrics Ltd). The ROM was 
analyzed with Pollexograph for palmar abduction and 
Kapandji for thumb opposition.20,21 The average of 3 subse-
quent measurements was used for the analysis.22,23 Two 

trained research assistants performed all strength and ROM 
measurements. In addition, we measured thumb height on 
radiographs taken directly postoperatively and at long-term 
follow-up. We measured thumb height as the ratio of the 
thumb length (sum of hemitrapezium, disk height, and 
metacarpal height) and the proximal phalanx, measured on 
a lateral radiograph, as described by van Laarhoven et al18 
(Figure 3). We used the difference between the ratios of 
direct postoperative and long-term follow-up as variable.

To measure pain, function, and satisfaction, we used 
Patient-Rated Wrist/Hand Evaluation (PRWHE),24 Michi-
gan Hand Outcomes Questionnaire (MHQ),25 Disabilities 
of the Arm, Shoulder, and Hand (DASH),26 and a satisfac-
tion questionnaire.18,27,28 The MHQ and satisfaction ques-
tionnaire show difference in the left and right hand; the 
PRWHE and DASH do not make this differentiation. There-
fore, we asked bilaterally operated patients to fill in the 
PRWHE for both hands separately. The bilaterally operated 
patients filled in the DASH only once because of the more 
generic nature of this questionnaire. In this patient cohort, 
no upper extremity pathology was present.

Power Analysis

We performed a post hoc power analysis for our linear mul-
tivariate regression model based on our primary outcome 

Figure 1. Flexor carpi radialis tendon strip used for securing 
pyrocarbon disk.

Figure 2. Abductor pollicis longus tendon strip used for 
securing pyrocarbon disk.
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key pinch. For a multivariable linear regression model with 
6 predictors, a sample size of 96 (the total disks in situ of 
both groups), and a probability level set at .05, we calcu-
lated a power of 1.0 with an observed R2 of 0.582.

Statistical Analysis

The Kolmogorov-Smirnov test and histograms were used to 
assess distribution of the variables. We reported descriptive 
statistics in values as means and range for normal distributed 
data, as median and interquartile range (IQR) for nonnormal 
distributed data, or as absolute values and proportions (%). 
The 2 groups were analyzed against demographics to identify 
differences between the groups with a χ2 test for binominal 
variables and with an independent t test (normal distributed) 
or Mann-Whitney U test (nonnormal distributed) for continu-
ous variables. Furthermore, we evaluated outcomes of 
strength and ROM, together with difference in thumb length 
(ratio) with a multivariable linear regression analysis, adjust-
ing for age, sex, bilateral complaints, dominant hand oper-
ated, and follow-up in years. These variables are chosen 
because they can affect the outcome measurements indepen-
dent of the surgical treatment. We analyzed PROMs with a 

Mann-Whitney U test because of the nonnormal distribution 
of outcomes and residuals. A P value smaller than .05 was 
considered statistically significant.

Results

For this study, 76 patients treated with the APL technique 
and 30 patients with the FCR technique could be included 
out of the previous cohort based on the above-mentioned 
criteria. Table 1 shows the demographic outcomes. The 
groups were comparably similar in demographics except 
for follow-up duration (FCR 9.4 vs APL 8.3 years, P < 
.001). The mean follow-up in years of the whole group was 
8.3 (IQR, 7.4-9.4).

In the APL group, 9 disks were removed due to clinical 
complaints—in 6 patients in the first 2 years (1 tendon rup-
ture with disk dislocation, 2 for persisting pain without a 
cause, and 3 for STT arthritis) and in 3 patients after 2 years 
(attributed to STT arthritis). Revision surgery in the APL 
group consisted of trapeziectomy and ligament reconstruc-
tion with an FCR tendon strip. In the FCR group, 1 revision 
was needed due to STT arthritis (within 2 years after the 
initial surgery), which resulted in a trapeziectomy and sus-
pensionplasty with a toe extensor.

For the comparative analysis, we used data available of 
patients with the disk still in situ (67 patients in the APL 
group and 29 patients in the FCR group). Table 2 shows 
unadjusted measurements for strength, thumb height, and 
ROM. In Table 3, the betas for the techniques were depicted, 
with the FCR group as baseline after multivariable linear 
regression. For our primary outcome, the APL group scored 
1.28 kg higher key pinch compared with the FCR group (P 
= .003), adjusted for the variables in our model (Table 3).

Tip pinch was 1.23 kg stronger for the FCR group (P < 
.001). For tripod pinch, the beta was small (0.067) and not 
significant. The FCR group showed more power of grip and 
wider palmar abduction. The APL group showed better 
opposition measured by Kapandji. The difference in thumb 
height ratio was higher for the FCR group than for the APL 
group (P = .001). This means better thumb height mainte-
nance for the APL group at long-term follow-up, although 
with a small difference. For all multivariable linear regres-
sion models, follow-up duration showed no significant 
influence on outcome for pinch strength, grip strength, or 
ROM.

Table 4 shows that the outcomes of the different PROMs 
between both groups were comparable.

Radiography analysis was performed on the radiographs 
taken at long-term follow-up (available in 63 patients for 
the APL group and in 29 patients for the FCR group). For 
the APL group, sclerosis and osteophytes around the disk 
were seen in 5 patients (8%), a subluxation of less than one-
fourth of the disk in 9 patients (14%), and STT arthritis in 5 

Figure 3. Thumb height measurements.
Note. The ratio used is (HT + DS + MC1/PP). Because the disk 
articulates with the HT and MC1, both can be accountable for height 
loss of the thumb and are taken in account on the measurement. We 
calculated a ratio of thumb length to correct for differences in hand size 
and radiology. A loss in ratio of 20% is accounted as clinically relevant. 
HT = hemitrapezium, measured from the distal joint surface of the 
scaphoid to the proximal surface of the implant; DS = disk space, 
measured from the distal joint surface of the HT to the joint surface 
first metacarpal base; TS = trapezial space, measured between the distal 
joint surface of the scaphoid and the joint surface of the base of the first 
metacarpal; MC1 = first metacarpal; PP = proximal phalanx, measured 
from midpoint of the proximal and distal joint surfaces.
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patients (8%), without significant clinical complaints in all. 
In the FCR group, 4 patients (14%) showed sclerosis and 
osteophytes around the disk on radiography and 3 patients 
(10%) showed mild subluxation (less than one-fourth of the 
disk), again without clinical complaints.

Discussion

The purpose of this study was to compare the clinical and 
radiological outcome between 2 fixation techniques (FCR 
vs APL) used for pyrocarbon disk interposition for the treat-
ment of CMC thumb joint osteoarthritis. For our primary 
outcome, a higher key pinch was found for the APL tech-

nique than for the FCR technique. The FCR technique 
showed better tip pinch and power of grip. Range of motion, 
thumb height maintenance, PROMs, and revision rate 
showed comparable outcomes between both tendon groups.

The use of the FCR tendon strip after trapeziectomy is 
numerously described in the literature, and most studies 
report favorable results.29-33 The FCR tendon strip for CMC 
thumb joint arthroplasties is popular because it is easy to 
harvest and is often broad, which makes splitting possible 
for use as a tendon graft. The line of pull from the insertion 
on the volar side of the second metacarpal to the basal 
thumb joint can be used to correct for dorso-radial transla-
tion of the first metacarpal base and to suspend the first 
metacarpal to the second metacarpal, aiming to prevent sub-
sidence of the first metacarpal as much as possible. The 
need of an extra incision on the volar side of the wrist for 
harvesting the FCR can be considered a disadvantage. Fur-
thermore, the use of the FCR can potentially harm radial 
wrist stability when the tendon strip is taken too broad and 
tendinitis in the residual tendon can occur.34 Another disad-
vantage is that if revision surgery is needed, stabilization or 
suspension is less feasible with the FCR, unless the FCR is 
made really thin or fully sacrificed, thereby risking harm to 
the radial stability of the wrist.34

The use of an APL tendon strip after trapeziectomy is pri-
marily described by Thompson35 as a suspension technique. 
The use of an APL tendon for pyrocarbon interposition arthro-
plasty has the advantage of preserving the FCR tendon and its 
stabilizing function. In addition, the APL can be harvested via 
the same incision and usually consist of multiple tendon strips, 

Table 1. Demographics.

Demographics
FCR group

n = 30
APL group

n = 76 P value

Male 12 (40%) 20 (26%) .167
Female 18 (60%) 56 (74%)  
Bilateral complaints 10 (33%) 27 (36%) .831
Dominant side operated 11 (37%) 27 (36%) .912
Follow-up, median (IQR), y 9.4 (8.0-9.9) 8.0 (7.3-8.8) .001
Age at operation, median (IQR), y 58.7 (53.1-67.2) 60.3 (54.3-68.1) .897
Disk removed 1 (3%) 9 (12%) .177
Tendon rupture/luxation — 1 (1%)  
STT arthritis 1 (3%) 6 (8%)  
Persisting pain, no cause — 2 (3%)  
Complaints before operation
 <1 y 1 (3%) 8 (11%)  
 1-2 y 5 (19%) 16 (21%)  
 2-5 y 12 (40%) 38 (50%)  
 >5 y 9 (30%) 12 (16%)  
 Missing 3 (10%) 2 (3%)  

Note. Independent t test for continuous normal distributed data, Mann-Whitney U test for continuous nonnormal distributed data, and χ2 test 
for binominal (non)normal distributed data. FCR = flexor carpi radialis; APL = abductor pollicis longus; IQR = interquartile range; STT = 
scaphotrapeziotrapezoidal.

Table 2. Unadjusted Outcome of Measurements.

Measurements APL (n = 62a) FCR (n = 26a)

Key pinch, kgb 5.0 (8.5) 4.1 (6.5)
Tip pinch, kgb 3.3 (8.5) 4.9 (7.1)
Tripod pinch, kgb 4.4 (5.2) 4.5 (8.3)
Jamar grip, kgb 24.0 (51.4) 31.4 (47.0)
Palmar abduction, degb 43.8 (46) 55.6 (50)
Kapandjic 9.5 (9-10) 9.0 (8-10)
Difference in thumb height 

ratiob
0.044 (0.48) 0.145 (0.52)

Note. APL = abductor pollicis longus; FCR = flexor carpi radialis; IQR = 
interquartile range.
aHand measurements were available for 62 of the 67 patients in the APL 
group and 26 of the 29 patients in the FCR group.
bValues are given in mean and range for normal distributed variables.
cValues are given in median and IQR for non-normal distributed variables.
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wherefore using one of these strips usually does not usually 
hinder function. Nevertheless, harvesting the APL requires 
precaution not to damage the radial superficial nerve and the 
radial artery in the anatomical snuffbox region. If revision sur-
gery is needed, no bridges are burnt, and the FCR is still in situ 
to be used for any kind of arthroplasty.

We chose key pinch as the primary outcome because it 
has been shown to be affected first in early CMC thumb joint 
osteoarthritis.36 This study showed that the APL group has a 
stronger key pinch than the FCR group (1.28 kg). This  
magnitude of difference was shown to be of clinical impor-
tance. A previous report showed that minimal clinical impor-
tant differences for pinch strength in patients with CMC 

thumb joint osteoarthritis are around 0.35 kg for the right 
dominant hand.37 In contrast, a clinical important difference 
in tip pinch was found in favor of the FCR group (1.26 kg). 
Tripod pinch did not show any clinical relevance (0.06 kg).

The ROM was different between groups, with a beta in 
favor for the FCR group on palmar abduction and a beta in 
favor for the APL group on opposition. Although signifi-
cant, the differences in both ROM measurements were 
small and not clinically important. Patient-reported out-
come measurements did not show any differences between 
the groups. Although strength can be related to function, the 
measured differences were not reflected in the function 
measured with PROMs.

Table 4. Comparison of PROMs Based on FCR and APL.

PROM Questionnaires APL (n = 66a) FCR (n = 28a) Significance (P-value)

DASH 18.3 (10-40.4) 9.2 (3.3-42.1) .179
PRWHE
 Total 16.5 (2-40.3) 12.0 (0-34.9) .329
 Pain 10.0 (0-19.5) 6.3 (0-13.1) .770
 Function 6.5 (1.5-21.5) 9.5 (0-21.8) .221
MHQ
 Function operated hand 70 75 .077
 ADL 83.8 88.6 .229
 Work 85.0 82.5 .734
 Pain 80.0 85.0 .102
 Aesthetics 100.0 96.9 0.293
 Satisfaction 75.0 87.5 .377
MHQ total 76.0 (64.8-92.6) 81.6 (71.6-91.9) .360
Satisfaction
 Satisfaction with result 9.0 (8-10) 9.0 (8-10) .834
 Main reason for operation solved 9.0 (8-10) 10.0 (8-10) .243

Note. Values are given as median (IQR). Because of nonnormal distribution outcomes and residuals, comparison was made with Mann-Whitney U test. 
PROMs = patient-reported outcome measures; FCR = flexor carpi radialis; APL = abductor pollicis longus; DASH = Disability of The Arm, Shoulder, 
And Hand; PRWHE = Patient-Rated Wrist/Hand Evaluation; MHQ = Michigan Hand Outcomes Questionnaire; ADL = activities of daily living; IQR = 
interquartile range.
aPROMs were available for 66 of the 67 patients in the APL group and for 28 of the 29 patients in the FCR group.

Table 3. Multivariate Linear Regression Output for FCR Group in Different Hand Measurements.

Measurements
β 

(beta)

Confidence interval
Significance 

(P-value)Lower bound Upper bound

Key pinch −1.276 −2.107 −0.445 .003*
Tip pinch 1.225 0.616 1.834 <.001*
Tripod pinch −0.067 −0.826 0.691 .860
Jamar grip 5.136 0.318 9.953 .037*
Palmar abduction 11.463 6.557 16.368 <.001*
Kapandji −1.341 −2.324 −0.357 .008*
Difference in thumb height ratio 0.117 0.051 0.184 .001*

Note. Linear regression models with beta given for treatment with FCR outcome as baseline. Models corrected for treatment (FCR or APL tendon 
strip), age, sex, bilateral complaints, dominant hand operated, and follow-up in years. Full models are available in the Supplemental Material. FCR = 
flexor carpi radialis; APL = abductor pollicis longus; Significant when P-value smaller than 0.05, indicated with *.
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Preservation of thumb height is one of the main advan-
tages of pyrocarbon disk interposition arthroplasty. The 
hardness of pyrolytic carbon prevents wear of the disk with-
out compressing the bone and contributes to thumb height 
after interposition.38 As expected, our results show that 
thumb height is maintained for both techniques. The differ-
ence (although significant with 0.044 for APL and 0.143 for 
FCR) can be interpreted as clinically small and irrelevant. 
With a mean proximal phalanx height of 31 mm and a 
thumb height ratio difference of 0.143 and 0.044, the thumb 
height loss can be calculated as 4.7 mm and 1.4 mm for the 
FCR group and APL group respectively. We may conclude 
that both techniques have maintained thumb height. Fur-
thermore, the comparable thumb height between the tech-
niques shows that the additional suspension with the FCR 
technique is not beneficial for thumb height in this tech-
nique, and the maintained thumb height is related to the use 
of the pyrocarbon disk. Previous reports on thumb height 
questioned the importance of thumb height maintenance on 
clinical outcomes.39,40 These reports compared trapeziec-
tomy and trapeziectomy with ligament reconstruction and 
tendon interposition, both with loss of thumb height. They 
concluded that the extent of thumb loss did not influence 
the outcome, but no comparisons were made with tech-
niques objectively maintaining thumb height, such as the 
pyrocarbon disk interposition.

A recent study published in 2020 by Smeraglia et al 
described 40 patients after pyrocarbon disk interposition 
(without making distinction between APL and FCR tech-
niques) with a minimum of 8-year follow-up. The reported 
results are comparable with the overall results of our study.16 
Their survival rate was 94%, and all revisions were done in 
the first 2 years after the initial operation. The overall survival 
in our study is slightly lower (overall 91%). No differences in 
survival rates were found between the FCR group (97%) and 
the APL group (88%). In our report, more than 80% of the 
revision surgeries were performed in the first 2 years after 
placement of the disk. The revisions within 2 years were due 
to STT arthritis (1 patient in FCR group and 3 in the APL 
group), persisting pain without a cause (2 in the APL group), 
and 1 tendon rupture after a fall on the hand (1 in the APL 
group). All revisions after more than 2 years were due to STT 
arthritis. We observed no luxations leading to revision.

The limitations of our study are the cross-sectional nature 
of the study and lack of preoperative measurements. Further-
more, the APL group was double the size of the FCR group. 
To address these limitations, we used a linear regression and 
corrected for variables that may have an influence on the sub-
jective and functional outcomes. The consequential post hoc 
power analysis for the multivariable regression showed a high 
power. Furthermore, the long-term follow-up of more than 8 
years and the large sample add to the strength of our analysis.

The use of the APL tendon strip or FCR tendon strip in 
this study was based on surgeon’s preference. Besides the 
main goal of securing the disk, the FCR provides a ligament 

reconstruction and suspension (plus, if needed, a capsule 
augmentation). This potentially provides more stability 
than just securing the disk, as done with the APL technique. 
However, clinically both techniques have shown compara-
bly good results on hand measurements, with a favor for the 
APL technique for key pinch and opposition and for the 
FCR technique for tip pinch, power of grip, and palmar 
abduction. Thumb height was better maintained (although 
with a clinical small difference) for the APL group, which 
questions the importance of suspension with the FCR tech-
nique on thumb height.

In conclusion, this report shows that the APL technique 
results in a clinically important stronger key pinch. In con-
trast, the FCR technique results in a clinically stronger tip 
pinch and power of grip. The other outcomes showed no clin-
ically relevant differences between both techniques (thumb 
height maintenance, ROM, PROMs, and complications). The 
choice of tendon for pyrocarbon disk interposition can be 
made by shared decision, based on which donor site morbidity 
is acceptable and which outcome is most important for the 
patient: strength of key pinch or tip pinch and power grip.

Acknowledgments

The authors thank Janna S. E. Ottenhoff and Bastiaan T. J. A. van 
Hoorn for their contribution on gathering data for this manuscript.

Ethical Approval

This study was approved by our institutional review board.

Statement of Human and Animal Rights

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2008.

Statement of Informed Consent

Informed consent was obtained from all individual participants 
included in the study.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: The authors received a research grant from Integra Life Sci-
ences. This research grant is used for execution of our multicenter 
studies on outcomes of pyrocarbon disk interposition arthroplasty 
for the treatment of CMC thumb joint osteoarthritis.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: The 
authors received a research grant from Integra Life Sciences. This 
research grant is used for execution of our multicenter studies on 
outcomes of pyrocarbon disk interposition arthroplasty for the 
treatment of CMC thumb joint osteoarthritis.



8 HAND 00(0)

ORCID iD

Cecile Maria Cornelia Agnes van Laarhoven  https://orcid.
org/0000-0003-1011-8048

References

 1. Wajon AVT, Carr E, Edmunds I, et al. Surgery for thumb 
(trapeziometacarpal joint) osteoarthritis. Cochrane Database 
Syst Rev. 2015;2015:CD004631.

 2. Vermeulen GM, Slijper H, Feitz R, et al. Surgical manage-
ment of primary thumb carpometacarpal osteoarthritis: a sys-
tematic review. J Hand Surg Am. 2011;36(1):157-169.

 3. Yuan F, Aliu O, Chung KC, et al. Evidence-based practice in 
the surgical treatment of thumb carpometacarpal joint arthri-
tis. J Hand Surg Am. 2017;42(2):104-112.e1.

 4. Wolf JM, Delaronde S. Current trends in nonoperative and 
operative treatment of trapeziometacarpal osteoarthritis: a 
survey of US hand surgeons. J Hand Surg Am. 2012;37(1):77-
82.

 5. Gervis WH. Excision of the trapezium for osteoarthri-
tis of the trapezio-metacarpal joint. J Bone Joint Surg Br. 
1949;31B(4):537-539.

 6. Lane JCE, Rodrigues JN, Furniss D, et al. Basal thumb osteo-
arthritis surgery improves health state utility irrespective of 
technique: a study of UK Hand Registry data. J Hand Surg 
Eur Vol. 2020;45(5):436-442.

 7. Ottenhoff JSE, Teunis T, Janssen SJ, et al. Variation in offer 
of operative treatment to patients with trapeziometacarpal 
osteoarthritis. J Hand Surg Am. 2020;45(2):123-130.e1.

 8. Trumble TE, Rafijah G, Gilbert M, et al. Thumb trapezio-
metacarpal joint arthritis: partial trapeziectomy with ligament 
reconstruction and interposition costochondral allograft. J 
Hand Surg Am. 2000;25(1):61-76.

 9. Menon J. Partial trapeziectomy and interpositional arthro-
plasty for trapeziometacarpal osteoarthritis of the thumb. J 
Hand Surg Br. 1995;20(5):700-706.

 10. Moneim MS, Salas C, Lese AB, et al. Long-term outcomes 
of partial trapeziectomy with capsular interposition arthro-
plasty for osteoarthritis of the thumb basal joint. Orthopedics. 
2018;41(2):e228-e233.

 11. Vitale MA, Taylor F, Ross M, et al. Trapezium prosthetic 
arthroplasty (silicone, Artelon, metal, and pyrocarbon). Hand 
Clin. 2013;29(1):37-55.

 12. Barrera-Ochoa S, Vidal-Tarrason N, Correa-Vazquez E, et al. 
Pyrocarbon interposition (PyroDisk) implant for trapezio-
metacarpal osteoarthritis: minimum 5-year follow-up. J Hand 
Surg Am. 2014;39(11):2150-2160.

 13. Martinez de Aragon JS, Moran SL, Rizzo M, et al. Early 
outcomes of pyrolytic carbon hemiarthroplasty for the treat-
ment of trapezial-metacarpal arthritis. J Hand Surg Am. 
2009;34(2):205-212.

 14. Oh WT, Chun YM, Koh IH, et al. Tendon versus pyrocar-
bon interpositional arthroplasty in the treatment of trape-
ziometacarpal osteoarthritis. Biomed Res Int. 2019;2019: 
7961507.

 15. Burton RI, Pellegrini VD Jr. Surgical management of basal 
joint arthritis of the thumb. Part II. Ligament reconstruction 
with tendon interposition arthroplasty. J Hand Surg Am. 
1986;11(3):324-332.

 16. Smeraglia F, Barrera-Ochoa S, Mendez-Sanchez G, et al. 
Partial trapeziectomy and pyrocarbon interpositional arthro-
plasty for trapeziometacarpal osteoarthritis: minimum 8-year 
follow-up. J Hand Surg Eur Vol. 2020;45:472-476.

 17. von Elm E, Altman DG, Egger M, et al. The Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) statement: guidelines for reporting observational 
studies. Lancet. 2007;370(9596):1453-1457.

 18. van Laarhoven CMCA, van Hoorn BTJA, van Heijl M, et al. 
Medium to long-term follow-up after pyrocarbon disc inter-
position arthroplasty for treatment of CMC thumb joint arthri-
tis. J Hand Surg Am. 2021;46:150.e1-150.e14.

 19. Eaton RG, Glickel SZ. Trapeziometacarpal osteoarthritis. 
Staging as a rationale for treatment. Hand Clin. 1987;3(4):455-
471.

 20. de Kraker M, Selles RW, Schreuders TA, et al. The 
Pollexograph: a new device for palmar abduction measure-
ments of the thumb. J Hand Ther. 2009;22(3):271-276; quiz 
277.

 21. de Kraker M, Selles RW, Molenaar TM, et al. Palmar abduction 
measurements: reliability and introduction of normative data in 
healthy children. J Hand Surg Am. 2009;34(9):1704-1708.

 22. Mathiowetz V, Weber K, Volland G, et al. Reliability and 
validity of grip and pinch strength evaluations. J Hand Surg 
Am. 1984;9(2):222-226.

 23. MacDermid JC, Kramer JF, Woodbury MG, et al. Interrater reli-
ability of pinch and grip strength measurements in patients with 
cumulative trauma disorders. J Hand Ther. 1994;7(1):10-14.

 24. MacDermid JC, Tottenham V. Responsiveness of the disabil-
ity of the arm, shoulder, and hand (DASH) and patient-rated 
wrist/hand evaluation (PRWHE) in evaluating change after 
hand therapy. J Hand Ther. 2004;17(1):18-23.

 25. Chung KCP, Pillsbury MS, Walters MR, et al. Reliability 
and validity testing of the Michigan Hand Outcomes 
Questionnaire. J Hand Surg Am. 1998;23(4):575-587.

 26. Veehof MM, Sleegers EJ, van Veldhoven NH, et al. 
Psychometric qualities of the Dutch language version of the 
Disabilities of the Arm, Shoulder, and Hand questionnaire 
(DASH-DLV). J Hand Ther. 2002;15(4):347-354.

 27. Frouzakis R, Herren DB, Marks M. Evaluation of expectations 
and expectation fulfillment in patients treated for trapezio-
metacarpal osteoarthritis. J Hand Surg Am. 2015;40(3):483-
490.

 28. van Laarhoven CMCA, Schrier VJMM, van Heijl M, et al. 
Arthrodesis of the carpometacarpal thumb joint for osteoar-
thritis; long-term results using patient-reported outcome mea-
surements. J Wrist Surg. 2019;8(6):489-496.

 29. Weilby A. Tendon interposition arthroplasty of the first 
carpo-metacarpal joint. J Hand Surg Br. 1988;13(4):421-425.

 30. Eaton RG, Littler JW. Ligament reconstruction for the pain-
ful thumb carpometacarpal joint. J Bone Joint Surg Am. 
1973;55(8):1655-1666.

 31. Burton RI, Pellegrini VD Jr. Basal joint arthritis of thumb. J 
Hand Surg Am. 1987;12(4):645.

 32. Gangopadhyay S, McKenna H, Burke FD, et al. Five- to 
18-year follow-up for treatment of trapeziometacarpal 
osteoarthritis: a prospective comparison of excision, tendon 
interposition, and ligament reconstruction and tendon inter-
position. J Hand Surg Am. 2012;37(3):411-417.

https://orcid.org/0000-0003-1011-8048
https://orcid.org/0000-0003-1011-8048


van Laarhoven et al 9

 33. Vermeulen GM, Brink SM, Sluiter J, et al. Ligament recon-
struction arthroplasty for primary thumb carpometacarpal 
osteoarthritis (Weilby technique): prospective cohort study. J 
Hand Surg Am. 2009;34(8):1393-1401.

 34. Salva-Coll G, Garcia-Elias M, Llusa-Perez M, et al. The role 
of the flexor carpi radialis muscle in scapholunate instability. 
J Hand Surg Am. 2011;36(1):31-36.

 35. Thompson JS. “Suspension plasty”: trapeziometacarpal joint 
reconstruction using abductor pollicis longus. Oper Tech 
Orthop. 1996;6(2):98-115.

 36. McQuillan TJ, Kenney D, Crisco JJ, et al. Weaker functional 
pinch strength is associated with early thumb carpometa-
carpal osteoarthritis. Clin Orthop Relat Res. 2016;474(2): 
557-561.

 37. Villafane JH, Valdes K, Bertozzi L, et al. Minimal clinically 
important difference of grip and pinch strength in women 
with thumb carpometacarpal osteoarthritis when compared to 
healthy subjects. Rehabil Nurs. 2017;42(3):139-145.

 38. Cook SDB, Beckenbaugh RD, Redondo J, et al. Long-term 
follow-up of pyrolytic carbon metacarpophalangeal implants. 
J Bone Joint Surg Am. 1999;81(5):635-648.

 39. Downing ND, Davis TR. Trapezial space height after trapezi-
ectomy: mechanism of formation and benefits. J Hand Surg 
Am. 2001;26(5):862-868.

 40. Reissner L, Marks M, Schindele S, et al. Comparison of clini-
cal outcome with radiological findings after trapeziectomy 
with ligament reconstruction and tendon interposition. J Hand 
Surg Eur Vol. 2016;41(3):335-339.


